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This dissertation investigates how scientific knowledge is built up step by step in 
discourse through an analysis of Australian physics textbooks for primary and 
secondary schools from an integrated perspective of systemic functional linguistics, 
systemic functional multimodal discourse analysis, Bernstein’s knowledge structure 
theory, and semantic density and semantic gravity in legitimation code theory, aiming 
to bring some pedagogical implications for school science education.  
Systemic functional linguistics has long been interested in the language of 
science since Halliday’s On the Language of Physical Science, the analysis of which 
has developed from canonical science discourses to educational science discourses, 
aiming to facilitate students’ learning. Previous researches into knowledge building in 
scientific discourses focus on the clause level and then on the semantic level, but few 
of them specifically focus on the way new knowledge is acquired by discourse, and 
fewer on the functions of other semiotics, such as images, mathematical symbols. In 
addition, it is shown that the previous studies into scientific language start from 
physics but few continue to explore physical data, especially physics textbooks across 
different levels although physics is the basis of science.  
Drawing on the above theories, this dissertation seeks to apply an intergrated 
approach to investigating the patterns of knowledge construction at different levels of 
physics textbooks, with an aim to address the following two issues: (a) The ways of 
knowledge building at each level of school textbooks, that is, the distinctive patterns 
of linguistic resources in building knowledge and generating meaning across different 
levels of textbooks; (b) The patterns of semantic waves (that is, the development of 
semantic density and semantic gravity) at and across each level of textbooks and the 
relationship between semantic waves and linguistic resources. 
The major findings of this dissertation include: 















explaining scientific knowledge building in physics textbooks. The adapted entity 
classifying model and the taxonomic relation system are used as specific tools for the 
analysis of physics textbooks, which proves useful.  
(2) The criteria for distinguishing grammatical metaphors from technicalities 
prove useful: if a grammatical metaphor occurs with a classifier, in a definition, with a 
focus, with an elaboration or without introduction, it can be taken as a technicality. In 
addition, the exploration of semantic density and semantic gravity from the linguistic 
perspective presents us a more general understanding of knowledge. 
(3) There is a distinctive distribution of some genre types at different levels of 
physics textbooks. Macrogenres, including ‘experimental procedure’ and ‘picture 
commentary’, are favorite types in this study. ‘Experimental procedures’ are found at 
all the three levels and ‘picture commentaries’ characterizes the first level. ‘Story’ 
occurs only in the last two levels of textbooks with a decreasing occurrence tendency, 
which suggests the difference in knowledge building between school science and 
canonical science. For the same type of macrogenres, there are some variations in 
schematic structures and sub-stages for different levels of physics textbooks.  
(4) The empirical study of entities reveals that all the three levels of physics 
textbooks tend to use the same five types of entities as top-occurring ones in 
construing knowledge: concrete everyday entities, generic entities, technical entities, 
pronouns and metaphoric process entities in the descending order of frequency. The 
occurrence of each type of entities varies regularly across the three levels of textbooks. 
Furthermore, the empirical analysis of processes shows that material, relational and 
mental processes function as the top three ones in all the textbooks. Material 
processes are predominating ones. The occurrence of each type of processes varies 
according to a certain tendency across the three levels of textbooks. This similarity 
and variation of entities and processes across three school physics sub-fields proves 
that each level of physics textbooks construes a sub-field and that they all belong to 
the large school physic field.    
(5) The analysis of taxonomic relations between technical terms in each school 















become more complex with new concepts introduced and causation relations 
occurring. This analysis reflects the accumulative nature of knowledge building in the 
three school physics sub-fields.  
(6) The analysis reveals that the patterns of both the ideational meanings 
construed by visual images and the intersemiotic meanings between language and 
images are getting from simple to complex across three levels of physics textbooks. In 
addition, the developing patterns of semantic gravity and semantic density at each 
level of school physics show both some similarities and some great variations. 
The significance of this study is three-fold. First, the complementary perspective 
on knowledge from both systemic functional linguistics and Bernsteinain sociology of 
education presents a more complete picture about knowledge building in physics 
textbooks. In addition, an investigation model of semantic density and semantic 
gravity in legitimation code theory from the linguistic perspective may bridge the gap 
between systemic functional linguistic and Bernsteinain approaches to knowledge. 
Second, specific ways are presented for the analysis of field and ideation in scientific 
discourse: the adapted model of entity classifying, its application procedures, the 
criteria to distinguish grammatical metaphors from technicalities, and the revised 
system of taxonomic relations. Third, the quantitative and qualitative analysis of 
entities, processes, genres and multisemiotics offers a deep insight into ways of 
knowledge building across three levels of physics textbooks. Furthermore, the 
developing patterns of semantic gravity and semantic density is explored at each level 
of school physics from a linguistic perspective, which expands the scope of systemic 
functional linguistics and Bernstein’s sociology of education and in turn of discourse 
analysis. 
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